Adherence is pivotal but challenging in ulcerative colitis (UC) treatment. Many methods to assess adherence are subjective or have limitations. (Nac-)5-aminosalicylic acid (5-ASA) urinalysis by high-performance liquid chromatography (HPLC) seems feasible and reproducible in healthy volunteers. We performed a prospective study in adult quiescent UC patients to evaluate the feasibility of spot (Nac-)5-ASA urinalysis by HPLC to assess adherence in daily inflammatory bowel disease (IBD) care. Twenty-nine patients (51.7% male, mean age 52 ± 11 years) were included (median FU 9 months) and weekly spot urine samples were collected. We found large variation in spot (Nac-)5-ASA urinary excretion that was unrelated to brand, dosing schedule or dosage of 5-ASA. In conclusion, spot (Nac-)5-ASA urinalysis is not applicable to assess 5-ASA adherence in daily IBD care.
Introduction
Adherence to drug therapy is indispensible for successful inflammatory bowel disease (IBD) treatment, because nonadherence bears a higher risk of relapse [1] [2] [3] [4] and higher costs [5, 6] . The reported prevalence of non-adherence to drugs is around 40-91% in ulcerative colitis (UC) patients on 5-ASA [7] [8] [9] [10] [11] . Self-report measures for adherence have well-known limitations [12] and overestimate actual use [13] , with electronic monitoring systems being more reliable but costly [14, 15] . Another 'more objective' method to measure adherence is to assess serum or urinary drug levels. Potential pitfalls of spot serum drug analysis are poor correlation with daily steady-state concentrations [16] , and 'white coat compliance' [13, 16, 17] . Urinalysis with more stable drug metabolites is therefore preferable. High-performance liquid chromatography (HPLC) can be used to measure urinary 5-ASA and N-acetyl-5-ASA (Nac-5-ASA) metabolites [18] [19] [20] [21] [22] [23] [24] . In 2015, we performed urinalysis in healthy volunteers using MMX-mesalazine (Mezavant ® ). HPLC spot (Nac-)5-ASA urinalysis proved to be fast, reproducible and sensitive [25] . The question arose whether these results could be extrapolated to UC patients on 5-ASA, in view of the presence of diarrhoea, co-morbidity and use of co-medication in UC patients. To this end, we conducted a study in UC patients to assess feasibility, reliability and usefulness of HPLC 5-ASA urinalysis for 5-ASA adherence in daily IBD practice.
Methods
We conducted a randomized prospective study (trial number NTR4648) in UC patients using 5-ASA, modelled after a pilot
Figure 1
Individual spot (Nac-)5-ASA urinary excretion (5-ASA/mg mmol l À1 creatinine) using different brands and dosages 5-ASA at screening 
MMAS-8 (median) 10 (1-11) 10 (4-11) 11 (5) (6) (7) (8) (9) (10) (11) a Data mentioned as mean ± SD (range), unless specified otherwise study in healthy volunteers [25] . The study was approved by the Ethics Committee of Radboud University Medical Center, Nijmegen, the Netherlands. Informed consent was obtained. We included adult UC patients (Montreal E1-E3) [26] , who were in clinical remission (Simple Clinical Colitis Activity Index (SCCAI) <5) [27] and treated with 5-ASA monotherapy or combination with topical therapy. Patients were randomized at baseline to either 2400 mg MMX-mesalazine (Mezavant  ® ) once-daily (OD) or 1200 mg twice daily (BID). At randomization and during follow-up, we collected clinical characteristics, blood and faecal samples, and weekly spot urinary (Nac-)5-ASA samples. Urine samples were frozen at À20°C by the UC patients, and stored at À20°C in the laboratory until further analysis with HPLC as described in detail previously [25] . To mimic daily practice, patients visited the outpatient clinic twice a year, urine and faeces samples were collected at home, and quarterly interviews were conducted by telephone or digitally.
Results
We included 29 patients with a median follow-up of 9 months. Missing values were not imputed. Demographic data, SCCAI, Morisky adherence scale (MMAS-8) [28, 29] and laboratory results are described in Table 1 . In line with the SCCAI, laboratory results did not change during 6 months of follow-up, but faecal calprotectin fluctuated. Self-reported adherence was high according to MMAS-8. At screening, patients used different brands and dosages of 5-ASA medication. Twenty patients provided a spot urine sample at screening to measure (Nac-)5-ASA urinary excretion, which showed a large variation independent of dosage or brand. Results are depicted in Figure 1 , where each point reflects an individual patient.
UC patients on 2400 mg MMX-mesalazine collected and froze urine samples every week to perform (Nac-)5-ASA urinalysis with HPLC. Results of all analyses were comparable for both dosing frequencies. The results varied greatly, both between and within individuals (Figure 2A) . Results are displayed as median, inter-quartile range, minimum and maximum.
As reference material, a visual comparison of steady state results of (Nac-)5-ASA urinary excretion in volunteers using 2400 mg MMX-mesalazine (median of both dosing frequencies: OD2400 mg and BID 1200 mg) is displayed in Figure 2 (B) [25] .
Discussion
We found large variation in spot (Nac-)5-ASA urinary excretion at any time point, both between and within individual UC patients. The variation was independent of the use of [30, 31] . It is challenging to establish cut-off values for (partial) adherence based on spot urinalysis when using different formulations of 5-ASA. Naturally, undetectable drug levels matching complete non-adherence speak for themselves and may be used in daily practice. However, the question arises whether this relatively laborious method would be costeffective in the entire IBD population in daily practice as partial (non)adherence is the main issue at stake, whereas complete non-adherence is 'only' seen in about 12% of UC patients using 5ASA [11, 24] . To overcome the issues of different dosing and brands, we switched all UC patients to one 5-ASA-formulation and dosage. Still, we found a wide variability in median (Nac-)5-ASA urinary excretion both between different patients, but also within individuals (Figure 2A) .
We found larger variability and ranges in (Nac-)5-ASA urinary excretion in UC patients compared to volunteers (Figure 2 ). We did not use statistics because of small sample sizes, and different coverage time in both groups.
Direct observation of medication intake, and a strict timetable of urine collection in the healthy volunteers might have played a role in this observation. However, the contribution of UC disease activity appears to be a relevant factor. UC is a relapsing-remitting disease [32] and, in concordance with this, our patients had fluctuating disease activity as reflected by varying faecal calprotectin levels. We noticed that clinical activity score (SCCAI) remained stable during 6 months of follow-up, which accords with literature date [33] . Inverse correlation with UC activity and mucosal colonic concentrations of 5-ASA have been described, probably reflecting lower absorption ability due to active mucosal activity and ulcers [34, 35] . Differences in colonic transit time or intestinal pH according to UC activity and extent may also lead to altered absorption of 5ASA [30] . IBD patients use more co-medication with possible interactions [36] and have additional co-morbidities [37] [38] [39] that might affect pharmacokinetics. All patients reported high adherence levels according to MMAS, but this might reflect overestimation [13, 40] . We did not compare the (Nac-)5-ASA urinalysis with methods superior to MMAS such as pharmacy data, tablet counts or MEMS [40] . While MEMS is expensive, pharmacy data and pill count would have been good alternatives during the study period. However, we wanted to find an easy and feasible adherence tool that can be implemented in 'real-world' IBD practice. Our trial mirrored real-world practice with a similar pattern of hospital visits (routinely twice a year) and chronic prescriptions for these quiescent UC patients to minimize the 'positive study effect' on adherence [41] .
In conclusion, spot (Nac-)5-ASA urinalysis is not suitable for assessing 5-ASA adherence in daily IBD practice due to large inter-and intra-patient variability, not even when using one single brand and dosage. In view of our findings, it is not possible to set cut-off values for (partial) adherence in UC patients. Alternative strategies are needed to reliably monitor medication adherence.
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